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METHOD AND SYSTEM FOR IMAGING USING MULTIPLE 
OFFSET X-RAY EMISSION POINTS 

5 BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of non-invasive imaging 
and more specifically to the field of computed tomography (CT) imaging. In 
particular, the present invention relates to source configurations useful in CT imaging. 

10 CT scanners operate by projecting fan-shaped or cone-shaped X-ray beams 

from an X-ray source. The X-ray source emits X-rays at numerous view angle 
positions about an object being imaged, such as a patient, which attenuates the X-ray 
beams as they pass through. The attenuated beams are detected by a set of detector 
elements, which produce signals representing the intensity of the incident X-ray 

15 beams. The signals are processed to produce data representing the line integrals of the 

attenuation coefficients of the object along the X-ray paths. These signals are 
typically called "projection data" or just "projections". By using reconstruction 
techniques, such as filtered backprojection, useful images may be formulated from the 
projections. The images may in turn be associated to form a volume rendering of a 

20 region of interest. In a medical context, pathologies or other structures of interest may 

then be located or identified from the reconstructed images or rendered volume. 

It is generally desirable to develop CT scanners with high spatial and temporal 
resolution, good image quality, and good coverage along the z-axis, i.e., the 
25 longitudinal axis of the CT scanner. To meet some or all of these objectives, it may 

be desirable to increase the coverage provided by the detector, thereby allowing 
greater scan coverage in one or more dimensions. For example, longitudinal axis 
coverage of the detector may be improved by increasing the number of rows of 
detector elements in the detector. 
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This approach has lead to the development of CT systems with larger 
detectors. Larger detectors, however, may be undesirable for a variety of reasons. For 
instance, as one might expect, larger detectors and associated acquisition electronics 
are both more costly and more difficult to produce. In addition, the mechanical 
5 subsystem responsible for supporting and/or rotating a larger detector may also need 

to be larger and more complex and/or may be subject to greater mechanical stress. 
Furthermore, large detectors are associated with increased cone angles, i.e., the angle 
between the source and the detector periphery. The increased cone angle between the 
source and detector periphery is in turn associated with increased cone-beam artifacts 

10 in the reconstructed images. When the cone angle increases beyond a certain limit, 

the degradation of the image quality may become severe for axial, or step and shoot 
scanning. For this reason, it may be difficult to increase the scan coverage by simply 
increasing the coverage, i.e., size of the detector. A technique for achieving high 
spatial and temporal resolution, good image quality, and good coverage using a 

1 5 standard or smaller detector may therefore be desirable. 

BRIEF DESCRIPTION OF THE INVENTION 

The present technique provides a novel method and apparatus for providing 
two or more discrete X-ray emission points, which are laterally offset, i.e., have 

20 different xy-coordinates. In particular, the sources are offset in an azimuthal direction 

such that each source provides a particular subset of the projection lines needed to 
reconstruct the imaged object within the field of view. The sources may be alternately 
activated, though not necessarily at equal intervals, i.e., some of the sources may be 
activated more frequently or for greater duration than others. A single detector may 

25 be employed in conjunction with the two of more sources. The detector may have a 

relatively small in-plane extent and may be a flat-panel detector in some 
implementations. 

In accordance with one aspect of the present technique, a method is provided 
30 for imaging a field of view. The method includes rotating an X-ray source about a 

field of view. The X-ray source may comprise two or more, discrete emission points. 
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At least two of the emission points are individually activated at view angles around the 
field of view. Each emission point, when activated, emits a respective stream of 
radiation through a respective portion of the field of view. A plurality of signals 
generated in response to the respective streams of radiation are acquired from a detector. 
5 The plurality of signals are processed to generate one or more images. Systems and 

computer programs that afford functionality of the type defined by these methods are 
also provided by the present technique. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The foregoing and other advantages and features of the invention will become 

apparent upon reading the following detailed description and upon reference to the 
drawings in which: 

Fig. 1 is a diagrammatical view of an exemplary imaging system in the form of 
15 a CT imaging system for use in producing processed images, in accordance with one 

aspect of the present technique; 

Fig. 2 is an in-plane view of a pair of X-ray emission points in a full field-of- 
view configuration, in accordance with the present technique; 

20 

Fig. 3 is an in-plane view of a pair of X-ray emission points in a half field-of- 
view configuration, in accordance with the present technique; 

Fig. 4 is an in-plane view of a pair of X-ray emission points in an arbitrary 
25 field-of-view configuration, in accordance with the present technique; 

Fig. 5 is an in-plane view of four X-ray emission points in a full field-of-view 
configuration, in accordance with the present technique; 

30 Fig. 6 is an in-plane view of four X-ray emission points in a half field-of-view 

configuration, in accordance with the present technique; 
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Fig. 7 is an in-plane view of four X-ray emission points in an arbitrary field-of- 
view configuration, in accordance with the present technique; 

5 Fig. 8 is a perspective view of a CT scanner having a configuration of 

emission points that are offset along the longitudinal axis, in accordance with the 
present technique; 

Fig. 9 is a side view of multiple axial X-ray emission points and a detector, in 
10 accordance with the present technique; and 

Fig. 10 is a perspective view of a CT scanner having a duplicate configuration 
of emission points along the longitudinal axis, in accordance with the present 
technique. 

15 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Fig. 1 illustrates diagrammatically an imaging system 10 for acquiring and 
processing image data. In the illustrated embodiment, system 10 is a computed 
tomography (CT) system designed to acquire X-ray projection data, to reconstruct the 
20 projection data into an image, and to process the image data for display and analysis in 

accordance with the present technique. Though the imaging system 10 is discussed in 
the context of medical imaging, the techniques and configurations discussed herein 
are applicable in other non-invasive CT imaging contexts, such as baggage or package 
screening. 

25 

In the embodiment illustrated in Fig. 1, CT imaging system 10 includes a 
source 12 of X-ray radiation. As discussed in detail herein, the source 12 of X-ray 
radiation may consist of two or more discrete, i.e., separated, emission points. For 
example, a conventional X-ray tube may be equated with a single emission point. 
30 Alternatively, an X-ray source such as a solid-state X-ray source having field emitters, 

or a thermionic X-ray source may include multiple emission points. Such solid-state 
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or thermionic X-ray sources may be configured such that the respective emission 
points form an arc or a stationary ring. 

Though the present description may discuss the rotation of an X-ray source 12, 
5 as may occur in conventional third-generation CT systems, one of ordinary skill in the 

art will appreciate that discussion of a rotating an X-ray source 12 also encompasses 
functional equivalents. For example, for a solid-state X-ray source 12 configured as a 
ring, the source 12 and respective emission points may not physically rotate. Instead, 
emission points along the ring may be activated in a sequential manner effectively 
10 equivalent to rotating an X-ray source 12. Therefore, where an X-ray source 12 or 

emission point is described as rotating, it is to be understood that such a rotation may 
result from the physical rotation of the source 12 or elements of source 12 or from 
such a functional equivalent. 

15 The X-ray source 12 may be positioned proximate to a collimator 14. The 

collimator 14 may consist of a collimating region, such as lead or tungsten shutters, 
for each emission point of the source 12. The collimator 14 typically defines the size 
and shape of the one or more streams of radiation 16 that pass into a region in which a 
subject, such as a human patient 18, is positioned. A stream of radiation 16 may be 

20 generally cone-shaped, depending on the configuration of the detector array, discussed 

below, as well as the desired method of data acquisition. An attenuated portion of the 
radiation 20 passes through the subject, which provides the attenuation, and impacts a 
detector array, represented generally at reference numeral 22. 

25 The detector 22 is generally formed by a plurality of detector elements, which 

detect the X-rays that pass through and adjacent to a subject of interest. The detector 
22 may include multiple rows of detector elements. When such multi-row detectors 
are employed, the stream of radiation 16 will have a non-zero cone-angle associated 
with it for detector rows not in-plane with the active emission point. The following 

30 examples may make abstraction of this z-extent to simplify presentation, i.e., by 

limiting discussion to the detector elements in-plane with the active emission point. 
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However, as one of ordinary skill in the art will appreciate, the following geometrical 
discussion and examples are equally applicable to multi-row detectors. 

Each detector element, when impacted by an X-ray, produces an electrical 
5 signal that represents the intensity of the X-ray beam at the position of the element 

during the time the beam strikes the detector. Typically, signals are acquired at a 
variety of view angle positions around the subject of interest so that a plurality of 
radiographic views may be collected. These signals are acquired and processed to 
reconstruct an image of the features within the subject, as described below. 

10 

The X-ray source 12 is controlled by a system controller 24, which furnishes 
power, focal spot location, control signals and so forth for CT examination sequences. 
Moreover, the detector 22 is coupled to the system controller 24, which commands 
acquisition of the signals generated in the detector 22. The system controller 24 may 

15 also execute various signal processing and filtration functions, such as for initial 

adjustment of dynamic ranges, interleaving of digital image data, and so forth. In 
general, system controller 24 commands operation of the imaging system 10 to 
execute examination protocols and to process acquired data. In the present context, 
system controller 24 also includes signal processing circuitry, typically based upon a 

20 general purpose or application-specific digital computer, and associated memory 

circuitry. The associated memory circuitry may store programs and routines executed 
by the computer, configuration parameters, image data, and so forth. For example, the 
associated memory circuitry may store programs or routines for implementing the 
present technique. 

25 

In the embodiment illustrated in Fig. 1, system controller 24 may control the 
movement of a rotational subsystem 26 and linear positioning subsystem 28 via a 
motor controller 32. In imaging system 10 in which the source 12 and/or the detector 
22 may be rotated, the rotational subsystem 26 may rotate the X-ray source 12, the 
30 collimator 14, and/or the detector 22 through one or multiple turns around the patient 

18. It should be noted that the rotational subsystem 26 might include a gantry. The 
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linear positioning subsystem 28 enables the patient 18, or more specifically a patient 
table, to be displaced linearly. Thus, the patient table may be linearly moved within 
the gantry to generate images of particular areas of the patient 18. 

As will be appreciated by those skilled in the art, the source 12 of radiation 
may be controlled by an X-ray controller 30 disposed within the system controller 24. 
The X-ray controller 30 may be configured to provide power and timing signals to the 
X-ray source 12. In addition, the X-ray controller may be configured to provide focal 
spot location, i.e., emission point activation, if the X-ray source 12 is a distributed 
source, such as a solid-state or thermionic X-ray source configured as an arc or ring. 

Further, the system controller 24 may comprise a data acquisition system 34. 
In this exemplary embodiment, the detector 22 is coupled to the system controller 24, 
and more particularly to the data acquisition system 34. The data acquisition system 
34 receives data collected by readout electronics of the detector 22. In particular, the 
data acquisition system 34 typically receives sampled analog signals from the detector 
22 and converts the data to digital signals for subsequent processing by a computer 36. 

The computer 36 is typically coupled to the system controller 24. The data 
collected by the data acquisition system 34 may be transmitted to the computer 36 for 
subsequent processing and reconstruction. For example, the data collected from the 
detector 22 may undergo pre-processing and calibration at the data acquisition system 
34 and/or the computer 36 to condition the data to represent the line integrals of the 
attenuation coefficients of the scanned objects. The processed data, commonly called 
projections, may then be reordered, filtered, and backprojected to formulate an image 
of the scanned area. Once reconstructed, the image produced by the system of Fig. 1 
reveals an internal region of interest of the patient 18 which may be used for 
diagnosis, evaluation, and so forth. 

The computer 36 may comprise or communicate with a memory 38 that can 
store data processed by the computer 36 or data to be processed by the computer 36. 
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It should be understood that any type of computer accessible memory device capable 
of storing the desired amount of data and/or code may be utilized by such an 
exemplary system 10. Moreover, the memory 38 may comprise one or more memory 
devices, such as magnetic or optical devices, of similar or different types, which may 
5 be local and/or remote to the system 10. The memory 38 may store data, processing 

parameters, and/or computer programs comprising one or more routines for 
performing the processes described herein. 

The computer 36 may also be adapted to control features enabled by the 
10 system controller 24, i.e., scanning operations and data acquisition. Furthermore, the 

computer 36 may be configured to receive commands and scanning parameters from 
an operator via an operator workstation 40 which may be equipped with a keyboard 
and/or other input devices. An operator may thereby control the system 10 via the 
operator workstation 40. Thus, the operator may observe the reconstructed image and 
15 other data relevant to the system from computer 36, initiate imaging, and so forth. 

A display 42 coupled to the operator workstation 40 may be utilized to observe 
the reconstructed image. Additionally, the scanned image may be printed by a printer 
44 which may be coupled to the operator workstation 40. The display 42 and printer 

20 44 may also be connected to the computer 36, either directly or via the operator 

workstation 40. Further, the operator workstation 40 may also be coupled to a picture 
archiving and communications system (PACS) 46. It should be noted that PACS 46 
might be coupled to a remote system 48, radiology department information system 
(RIS), hospital information system (HIS) or to an internal or external network, so that 

25 others at different locations may gain access to the image data. 

One or more operator workstations 40 may be linked in the system for 
outputting system parameters, requesting examinations, viewing images, and so forth. 
In general, displays, printers, workstations, and similar devices supplied within the 
30 system may be local to the data acquisition components, or may be remote from these 

components, such as elsewhere within an institution or hospital, or in an entirely 
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different location, linked to the image acquisition system via one or more configurable 
networks, such as the Internet, virtual private networks, and so forth. 

The CT imaging system 10 described above may be configured in a variety of 
5 ways to improve spatial and temporal resolution, to improve image quality, and/or to 

improve longitudinal coverage. Indeed, various source 12 and detector 22 
configurations may be implemented which improve one or more of these parameters. 
For example, as discussed herein, an X-ray source 12 that employs multiple emission 
points may be employed. Activation of the emission points may be coordinated so that 

10 only one is active at a time, such as by employing an alternating activation scheme. In 

this manner, each emission point, when active, may provide a subset of the projection 
lines required to reconstruct an object within a given field of view. Combination of 
these subsets, however, allows the reconstruction of the field of view. In addition, 
because only a subset of the projection lines associated with the field of view are 

1 5 acquired at one time, the in-plane extent of the detector 22 may be reduced. Indeed, the 

in-plane extent of the detector 22 may be reduced to the degree that a flat-panel detector 
may be employed. 

As one of ordinary skill in the art will appreciate, a variety of X-ray source 12 
20 configurations and activation schemes may be practiced in accordance with the present 

technique. A number of exemplary configurations and schemes are discussed herein. It 
is to be understood, however, that the included examples do not limit the scope of the 
present technique. Instead, the present technique may broadly be understood to 
encompass any X-ray source configuration that allows for multiple, discrete emission 
25 points as well as any activation scheme for such emission points. 

For example, as depicted in Fig. 2, a pair of discrete emission points 70 offset in 
an azimuthal direction are depicted in an xy-plane, as the source 12 of radiation. The 
emission points 70 may be configured to be the same perpendicular distance from the 
30 detector 22, such as flat-panel detector 60, or may be different distances. Each emission 

point 70 may be an X-ray tube, an emitter of a solid-state or thermionic X-ray source, or 
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some other focal point from which X-rays may be emitted when activated. The X-ray 
source 12, and its respective emission points 70, may be gridded. The emission points 
70 may also be offset in z, as discussed later in more detail. 

The emission points 70 may be rotated about the desired field of view 72, 
allowing each emission point 70 to emit streams of radiation 16 from the desired view 
angles. As the emission points 70 rotate, they may be alternatingly activated such that 
only one emission point 70 emits X-rays at a given time. Each emission point 70 may 
be configured to emit a fan-shaped stream of radiation when activated, which 
circumscribes a portion of the field of view 72, such as half the field of view 72 as 
depicted in Fig. 2. The stream of radiation 16 passes through the field of view 72, and 
any attenuating matter within the field of view 72, before striking the detector 22, such 
as flat-panel detector 60. For each activation of an emission point 70, the data 
acquisition system 34 (Fig. 1) reads out the signals generated by the detector 22, which 
may be processed to generate the projection data. As the emission points 70 rotate about 
the field of view 72 the combined or aggregate acquired projection data describes the 
entire field of view. 

For example, a first emission point 74, when active, may emit X-rays within a 
fan encompassing a portion of the field of view 72, such as half the field of view 72, as 
depicted in Fig. 2. Projection data may, therefore, be acquired for this portion by the 
detector 22, such as flat-panel detector 60, when the first emission point 74 is active. 
When the first emission point 74 is inactive, the second emission point 76 may be 
activated, allowing projection data to be acquired for a portion of the field of view 72 
encompassed by the fan of X-rays emitted by second emission point 76. The emission 
points 70 may be rotated about the field of view 72, being alternatingly activated at each 
desired view angle, until the desired projection data has been acquired to reconstruct the 
field of view 72. 

As will be appreciated by one of ordinary skill in the art, sufficient projection 
data to reconstruct the field of view 72 may be acquired with less than a full rotation of 
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the emission points 70 about the field of view 72. Indeed, a half rotation plus the angle 
(p) between the two emission points 70, i.e., 180° + p, may be sufficient rotation to 
provide projection data to reconstruct the field of view 72. 

Furthermore, the multiple emission points 70 may be configured so that their 
combined fans circumscribe only half, or some other portion, of the field of view 72 
when active, i.e., a half field of view configuration. For example, referring to Fig. 3, 
two emission points 70 are depicted which, when active, emit X-rays within a fan 
encompassing only a portion of half of the field of view 72. The combined fans of the 
first and second emission points 74, 76, as depicted, circumscribe only half of the field 
of view 72. Limiting the fan angle, a, associated with each emission point 70, allows 
the in-plane extent of the detector 22, here flat-panel detector 60, to be further reduced 
since less of the field of view 72 is imaged when an emission point 70 is active. As one 
of ordinary skill in the art will recognize, sufficient projection data to reconstruct the 
field of view 72 using a half field of view configuration, as depicted in Fig. 3, may be 
acquired with a full rotation of the emission points 70 about the field of view 72. 

In addition, it should be recognized that the X-ray emitted by the first emission 
point 74 and the second emission point 76 do not pass through the same regions of the 
field of view 72. In particular, the X-rays emitted by the first emission point 74 pass 
through the central region of the field of view 72, where the imaged object or patient is 
typically centered. Conversely, the X-rays emitted by the second emission point 76 pass 
through a peripheral region of the field of view 72, which may contain empty space or 
regions of the imaged patient or object that are of less interest. This relationship remains 
true as the first and second emission points 74, 76 rotate about the field of view 72, i.e., 
the first emission point 74 continues to image the central region of the field of view 72 
while the second emission point 76 continues to image the periphery of the field of view 
72. 

Because of this distinction between the first and second emission points 74, 
76, the first and second emission points 74, 76 need not be operated equivalently, such 
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as when the periphery of the field of view 72 is of less or no interest. For example, 
fewer views may be acquired using the second emission point 76 if desired, i.e., the 
second emission point 76 may be activated less frequently than the first emission point 
74. For instance, the second emission point 76 may be activated for every other view, 
5 or less, if desired. Similarly, the second emission point 76 may be operated for a 

reduced duration or duty cycle, or at a lower energy relative to the first emission point 
74. 

Likewise, the second emission point 76 may be of lower quality, i.e., lower 
10 flux, and so forth than the first emission point 74, if the peripheral region imaged by 

the second emission point 76 is less important. In particular, if lower attenuation, 
lower resolution, and/or higher noise are acceptable for the periphery of the region of 
interest 72, a lower flux second emission point 76 may be acceptable. Differential 
activation of the first and second emission points 74, 76 and/or the use of a lower flux 
15 second emission point 76 may allow different doses to be applied to the patient 18 at 

the center and periphery of the region of interest 72. In this manner, the dose received 
by the patient 1 8 may be customized based on the circumstances. 

These concepts may be extended to arbitrary configurations between a half and 
20 full field of view configuration or where a distinct central region of interest 80, such as a 

cardiac field of view, may be present. For example, as depicted in Fig. 4, the first and 
second emission points 74, 76, may each circumscribe the different portions of the field 
of view 72, i.e., the central region of interest 80 and the peripheral region 82 
respectively. As one of ordinary skill in the art will appreciate, the discussion of the 
25 central region of interest 80 and peripheral region 82 with regard to Fig. 4 is analogous 

to and expands upon the related discussion with regard to Fig. 3. 

In particular, referring to Fig. 4, the first emission point 74, when active, may 
emit X-rays within a fan encompassing the central region of interest 80 within the 
30 field of view 72. In this manner, the first emission point 74 may generate the 

projection lines associated with the central region of interest 80. The second emission 
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point 76, when active, may emit X-rays within a fan encompassing a radial or 
peripheral portion 82 of the region of interest 72 outside the central region of interest 
80. For example, one edge of the fan of X-rays emitted by the second emission point 
76 may be tangential to the central region of interest 80 and the other edge may be 
5 tangential to the edge of the field of view 72. In this manner, the second emission 

point 76 may generate projection lines for a complementary portion of the field of 
view 72 not contained within the central region of interest 80. 

As with the preceding examples, because the entire field of view 72 is not 
10 covered by a single emission point 70 and detector 22, the in-plane size of the detector 

22 may be smaller than if a single emission point 70 were employed. For example, 
the detector 22 may have a relatively small in-plane extent and, indeed, may be 
substantially flat, such as flat panel detector 60. For example, for a radius of the 
central region of interest 80 of 15 cm and a radius of the field of view 72 of 50 cm, the 
15 detector 22 may be 30 percent or less of the size of a respective detector associated 

with the same field of view and a single emission point 70. 

Half-scan data acquisition may be used to acquire data for reconstructing the 
central region of interest 80, i.e., 180° + a degrees of rotation. Further, because the 

20 fan angle, a, is less than when a single emission point 70 is employed, the half-scan 

may be performed more rapidly, thereby providing improved temporal resolution for 
imaging dynamic organs such as the heart. For example, a may equal 15° instead of 
50° when a second emission point 76 is employed such that the half-scan data 
acquisition may encompass 195° of rotation of the first emission point 74 instead of 

25 230° degrees of rotation. However, a full rotation, i.e., 360°, of the first and second 

emission points 74, 76 may be needed to acquire data for reconstructing the full field 
of view 72, i.e., to fully reconstruct the peripheral region 82. 

As noted above with regard to the half field of view configuration of Fig. 3, 
30 fewer views using the second emission point 76 may be acquired if desired, such as 

when the peripheral views supplied by the second emission point 76 are less 
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important. Similarly, the second emission point 76 may be activated less frequently 
than the first emission point 74 or for a reduced duration, as discussed in the 
preceding example. Likewise, as previously discussed, the second emission point 76 
may be of lower quality, i.e., lower flux, and so forth than the first emission point 74, 
if the peripheral region 82 imaged by the second emission point 76 is less important. 

Differential activation of the first and second emission points 74, 76 and/or the 
use of a lower flux second emission point 76 may allow different doses to be applied 
to the patient 18 inside and outside of the central region of interest 80. Indeed, in 
some instances, such as where the object or organ to be imaged is within the central 
region of interest 80, it may be possible to leave the second emission point 76 inactive 
during image data acquisition. In such an implementation, the data acquired 
corresponding to the peripheral region 82 will be incomplete, but may still be 
reconstructed using special reconstruction techniques if desired, such as if some 
portion of the imaged object lies within the peripheral region 82. In this manner, the 
dose received by the patient 18 may be customized based on the circumstances. 

Though the preceding examples discuss implementations including two 
emission points 70, the technique is extendable to three or more emission points 70. 
20 For example, three or more X-ray tubes may be employed or a solid-state or 

thermionic X-ray source 12 may be employed which includes three or more 
addressable emission points 70 configured in an arc or ring. Other X-ray sources 12, 
which include discrete and addressable emission points 70, may also be suitable for 
use with the present techniques. 

25 

For example, Fig. 5 depicts four emission points 70 in a full field-of-view 
configuration, analogous to that depicted in Fig. 2. The emission points 70 may be 
configured to be the same perpendicular distance from the flat-panel detector 60 or may 
be different distances. As discussed with regard to Fig. 2, the emission points 70 may be 
30 rotated about the desired field of view 72 such that each emission point 70 may emit a 

stream of radiation 16 from the desired view angles. 

14 
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As the emission points 70 rotate, they may be alternatingly activated such that 
only one emission point 70 emits X-rays at a given time. Each emission point 70 may 
be configured to emit a fan-shaped stream of radiation when activated, which 
5 circumscribes a portion of the field of view 72. The stream of radiation 16 passes 

through the field of view 72, and any attenuating matter within the field of view 72, 
before striking the flat-panel detector 60. For each activation of an emission point 70, 
the data acquisition system 34 (Fig. 1) reads out the signals generated by the detector 22, 
which may be processed to generate the projection data. As the emission points 70 
10 rotate about the field of view 72 the combined or aggregate acquired projection data 

describes the entire field of view. As discussed above, in such a full field-of-view 
configuration, sufficient projection to reconstruct the field of view 72 may be acquired 
with a half-scan acquisition, i.e., 180° + some additional angle depending on the 
geometry. 

15 

Similarly, a half field of view configuration may be implemented using more 
than two emission points 70. For example, referring to Fig. 6, four emission points 70 
are depicted whose fan-shaped streams of radiation 16 generally circumscribe half, or 
some other portion, of the field of view 72. Each emission point 70 may be alternatingly 
20 activated, as described above, such that only one emission point 70 is active at a time. 

Due to the limited fan angle, a, associated with each emission point 70, the detector 22 
may have a reduced in-plane extent. In such a half field of view configuration, sufficient 
projection data to reconstruct the field of view 72 may be acquired with a full rotation of 
the emission points 70 about the field of view 72. 

25 

Furthermore, as noted above, the emission points circumscribe different radial 
regions of the field of view 72. For example, the first emission point 74 defines a 
central region while the second emission point 76 circumscribes the next outward radial 
region. Similarly, the third emission point 86 circumscribes the next radial region and 
30 the fourth emission point 88 circumscribes the peripheral or outer radial region. 

Because the emission points 70 circumscribe different radial regions of the field of view 

15 
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72, different emission points 70 may remain inactive during an imaging sequence if the 
radial region they circumscribe is of no or little interest. For example, the fourth 
emission point 88 may remain inactive if the peripheral region of the field of view 72 
contains empty space or is otherwise of no interest. As with the previous discussion of a 
5 half field of view configuration, sufficient projection data to reconstruct the field of view 

72 using a half field of view configuration, as depicted in Fig. 6, may be acquired with a 
full rotation of the emission points 70 about the field of view 72. 

Similarly, and as discussed with regard to Figs. 3 and 4, the first, second, third, 
10 and fourth emission points 74, 76, 86, 88 need not be operated equivalently to the extent 

that the different radial regions they circumscribe are of different interest or importance. 
For example, each emission point 70 may be active for different numbers of views. For 
example, the first and second emission points 74, 76 may be active for every view, the 
third emission point 86 may be active for every other view, and the fourth emission 
1 5 point 88 may not be active for any view. Such an implementation might allow images to 

be constructed with good quality toward the center of the field of view, less quality 
outside of the center, and with no image of the peripheral region of the field of view 72 
being generated. Similarly, different emission points, such as the fourth emission point 
88, may be operated for a reduced duration or at a lower energy relative to the first 
20 emission point 74. Likewise, emission points 70 may vary in quality, i.e., flux, based 

on the radial region they circumscribe. For example, in an X-ray tube 
implementation, the third and/or fourth emission points 86, 88 may be low quality, 
i.e., low flux, X-ray tubes. 

25 Therefore, as the number of X-ray emission points 70 increases, the ability to 

adapt the X-ray dose to the patient 18 or imaged object may also increase. In 
particular, possible number of radial regions increases as the number of emission 
points 70 increases. As the number of radial regions increases, the opportunities to 
employ differential operation, such as activations and/or durations, or different 

30 hardware configurations, such as low- flux X-ray tubes, also increases. In this manner, 
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the dose received by the patient 18 and the image quality in different portions of the 
image may be customized based on the circumstances. 

Likewise, the use of additional emission points 70 may be extended to 
5 arbitrary configurations or to configurations with a distinct central region of interest 

80, such as a cardiac field of view 80, as discussed with regard to Fig. 4. For 
example, referring to Fig. 7, the first and second emission points 74, 76 may 
circumscribe the central region of interest 80 of the field of view 72. Conversely, the 
third and fourth emission points 86, 88 may circumscribe the peripheral region 82 of 

10 the field of view 72. The emission points 70 may be differentially operated or 

constituted, as discussed with regard to Figs. 4 and 6, such that patient dosage may be 
adapted or adjusted based on circumstance. For example, the third and/or fourth 
emission points 86, 88 may not be activated or may be activated for only a subset of 
the possible view angles when the peripheral region 82 is of less or no interest. 

15 Similarly, if the peripheral region 82 is of less interest, the third and fourth emission 

points 86, 88 may be low quality, such as low flux, X-ray tubes or emitters. 

As with the preceding examples, because the entire field of view 72 is not 
covered by a single emission point 70 and detector 22, the in-plane size of the detector 

20 22, such as flat-panel detector 60, may be smaller than if a single emission point 70 

were employed. Similarly, half-scan data acquisition using the first and second 
emission points 74, 76 may be used to acquire data for reconstructing the central 
region of interest 80, i.e., 180° + some additional angle of rotation. However, a full 
rotation, i.e., 360°, of the first, second, third, and fourth emission points 74, 76, 86, 88 

25 may be needed to acquire data for reconstructing the full field of view 72, i.e., to fully 

reconstruct the peripheral region 82. 

While the preceding example depict configurations employing two or four 
emission points 70, one of ordinary skill in the art will appreciate that the disclosed 
30 techniques extend to other configurations in which more than one emission point 70 is 

present. Similarly, field of view configurations other than those depicted are not 
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excluded from the present technique and may benefit from the use of multiple 
emission points 70, as discussed herein. 

Furthermore, it may sometimes be desirable to offset the emission points 70 in 
5 the z-direction. For example, as shown in Fig. 8, a z-offset may be applied to 

consecutive emission points 70, resulting in a slightly tilted arc, relative to the primary 
axes of the CT scanner 100, of emission points 70. This may be particularly useful for 
helical cone-beam acquisitions, because the resulting dataset may be reordered to 
emulate an acquisition obtained with a single emission point. To achieve such a 
10 result, the z-offsets, and therefore the pitch of the resulting arc, will depend on the 

helical pitch employed during image acquisition. The z-offsets may be adjusted to 
accommodate a desired helical pitch. 

In addition, for cone-beam and volumetric CT geometries, it may be desirable 
15 to include additional emission points 70 along the longitudinal axis. In particular, the 

use of multiple emission points 70 along the longitudinal axis may allow the axial 
extent of the detector 22 to be reduced instead of or in addition to the reduction of the 
in-plane extent of the detector discussed above. For example, referring to Fig. 9, three 
emission points 70 deployed along the longitudinal axis of a CT scanner 100 are 
20 depicted. The emission points 70 may be fired altematingly, such as sequentially, so 

that only one emission point 70 is active at a time. A detector 22, such as flat-panel 
detector 60, with a reduced axial extent may be employed in conjunction with the 
multiple longitudinal emission points in a manner analogous to that discussed in the 
preceding examples. As in the preceding examples, implementations of the present 
25 technique longitudinally allow for the use of smaller cone angles and therefore smaller 

detectors 22 longitudinally. 

For example, referring to Fig. 10, three sets of duplicate emission points 94, 
96, 98 are depicted along the longitudinal axis of a CT scanner 100. In the depicted 
30 example, each set of duplicate emission points 94, 96, 98 share coordinates within the 

xy-plane, but differ in their position on the z-axis, i.e., longitudinally. 
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As described in the preceding in-plane offset and longitudinal offset examples, 
the techniques disclosed herein may provide a variety of benefits. For example, the 
reduced in-plane and/or longitudinal extent of the detector 22 may allow smaller, less 
5 expensive detectors, such as flat-panel detectors 60, to be employed (Figs. 2-7 and 9). 

In general, it is easier and less expensive to manufacture a smaller detector, 
particularly a flat-panel detector. 

In addition, the present techniques may provide greater spatial resolution, 
10 particularly away from the isocenter. In particular, a single emission point may be 

associated with a large fan angle and a correspondingly large detector. The focal spot 
associated with the emission point looks bigger at the edge of the detector due to an 
increase in the so-called apparent focal-spot size. The increased apparent focal-spot 
size may lead to inferior spatial resolution at the edges of the detector compared to 
15 the center of the detector. The reduced fan angles and smaller in-plane extent of 

detectors 22 used in conjunction with the present technique (Figs. 2-7 and 9) may 
allow spatial resolution to be improved away from the isocenter, i.e., over the rest of 
the field of view, due to the smaller apparent focal size of the emission points 70. 

20 Furthermore, the use of multiple emission points 70 (Figs. 2-7) may allow for 

dynamic flux control during an image acquisition. For example, the multiple emission 
points 70 may be differentially activated based on view angle to maintain uniformity 
of the signal at the detector 22 and, thereby, improve efficiency and limit the dynamic 
range at the detector, or in order to optimize the dose or image quality. In particular, 

25 in medical imaging contexts, the patient 18 (Fig. 1) typically is elliptical in cross- 

section, resulting varying path lengths through the patient 18, i.e., the path length an 
X-ray traverses through the patient 18 varies depending on the view angle position 
relative to the patient 18. Conventional CT techniques may employ a bowtie filter, 
adapted to the general cross-section of the body region being imaged, to compensate 

30 for these varying path lengths. 



19 



129405-1 



The present techniques, however, allow for the real time flux modulation 
based on the anatomy of the patient 18, i.e., a virtual dynamic bowtie. In particular, at 
view angles corresponding to a short path length through the patient 18, such as 
through the chest and back, an emission point 70 may be activated to emit X-rays 
5 having lower flux. Conversely, at view angles corresponding to a long path length, 

such as from shoulder to shoulder, an emission point 70 may be activated to emit X- 
rays having higher flux. Similarly, for intermediate path lengths, the flux of the 
emitted X-rays may be suitably adjusted. Furthermore, the flux associated with a view 
angle position may be dynamically adjusted as a patient is linearly displaced through 
10 the CT scanner. In this manner, the effects of a bowtie filter may be replicated while 

allowing dynamic adjustment to maintain uniformity of signal at the detector 22. 

The present techniques may also allow for the use of various detector 
technologies, such as energy discrimination detectors, so that CT techniques such as 

1 5 energy discrimination CT may be performed. Because of the smaller detector extent 

in the in-plane and/or longitudinal directions, such exotic technologies may more 
affordably be implemented. Similarly, such detectors may also be more easily 
manufactured to accommodate the reduced detector dimensions associated with the 
present techniques. In addition, the smaller fan angles and cone angles associated 

20 with the present technique reduce scatter in the X-ray intensity measurements and may 

allow the anti-scatter grid to be omitted from the detector, thereby increasing detector 
efficiency. 

While the invention may be susceptible to various modifications and 
25 alternative forms, specific embodiments have been shown by way of example in the 

drawings and have been described in detail herein. However, it should be understood 
that the invention is not intended to be limited to the particular forms disclosed. For 
example, though imaging in a medical context has been discussed, the present 
techniques may also be applied in other imaging contexts, such as the screening of 
30 baggage, packages, and passengers. Rather, the invention is to cover all 
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modifications, equivalents, and alternatives falling within the spirit and scope of the 
invention as defined by the following appended claims. 
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